Internal kinematics of stellar populations in M54 and in the
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_ àbcdef60!Z[&g1'"$(#'0# !"# *$+#)&#&3 #$*
 #& )#/#)'(&#"& #Z̀ abcdef60!Z[%g4h !"# *$+#,$(#-&"$ '+!"&#'$( 
&&  !+)#$%$3"  i#$3%& &*)#$#$'0'(&")&#&&(). (#
 ./#'j"2#!(/#&'(#2$(#'(#'( '/)' . '$($%#&'()*$+#%$$# #&.+#$)
&()&"$(0#&% /'  &. (##%'(1')#*$+1'/ #& 1#&5(4
k/&(/$(/"!)#&## !"# #&#k$%#&'(&01'##$ /$+'(0*$+#,$(#
-&"$ '+!"&#'$( &()#*$k/&(#! #$(#+4
lmn oppqprpqrstsuvqwqwuxypsuvqqz{y|q}vu~vrypvqw
$.$.&0&##!(/#&'(#' $j#&#'$k*#$#/"&  '/&""&1$*.$.&0&#'$(#&#
/$( ') #j&'&(/$*#&#'$& #j&'&(/$*#6 #j&'&%"#'+ # !&$*
#.&#'&")'j&#'j$*#&#'$1'# ./##$#6 #j&'&%" !++)1'## &+
















)!]."&'()'( /#'$(4Z4k(.'(/'."& k $!")! #)' . '$($*#$ 
[

























  ! "#$%&'(#)(#*+,+-!.&'




*  ! "0 &&&!&'6(7&'(#
)(#*+,+-!.4> !! &-&!&1.&0. .5
"32&!&!3.&?(1.&2."*(1&/49
2:' &$.&.4;*,@=44444444444444444444 A
B 92&!03 ;' &$.&.4C*,@= ! # &&&
$!&'2&D&.&3(#C.5)(#+<"E#49 ""&
 0&" "153& 1 &'D&.&3!&!3.& <
A 92&!03 ;' &$.&.4C*,+= ! /.&05"! F
&.& ".;.'!03 =".; !03 =-&'(
;0G3 .="*(;0 0.= 1.&&(#A@9304
H. "."! &0&! 1.C.&44444444 I
< 9' &(..4;*,+= !0. ! &&'&2
3! F/ 0 &! "0'."! &0&'
153! F/ 4 444444444444444444444444444 J
I 9!03  ! #$%&1"15K."0&.1& & 2
.""8 !&!3.&">"153& 49&!.'
#$%&'.0" C&! G3/.L" C1&&
.'#$%&/ .!!"23." &' !  &'
!&!3.&"1&& L" &/ .!!"2
& 0.&0 &'  "3"5492:' &K.
.4;*,,@=444444444444444444444444444444444444 A
@ # &&&$!&'$<A;1.0:"& 0.0.("*(2.
 ""&0&3&.&3!&!3.&="5&3!&!3.&
&0"&K 3;0G3 =49# &&&$!2:
' &!! $.&.4;*,@=44444444444444444444444 <
+ 9-!.&'MKN&1"'& OPQRSTUVW20&
&'&:>. NAB+H "3 X49 "Y325























































































































































































































































































































 J'&''$()$J (b!J+,J'X$,/q)$($(qDJ$" )$
J!'bd"%e,-.(/20G35122kllKkl678/9:;9:<=>M9<<LmWX/
QRSP[\]̂>:::mYVVZQRSP[\]̂a
.&E$21F.D$(r ( ")$ (!$$ ")$2  ,2
X$! &''$s$('-.(/tuvwxyz{vx|}|~l225K51678/9:;
9:M<>Rm9VV:\:9L\:UV9\WX/9L:Y;:LVmmZQRSP[\]̂;_̀a




'$($" $ (D,"  (()$ ($e "$"@$()$(X"@ (!
X$-.(/GG111678/9:;9:V9>:::m\=M=9>Y:9YY:=LmWX/
9M:Y;YmLmZQRSP[\]̂;_̀a
k! D D #$I X1Fq)$E $ "'$*()$*'2$# 2'@
 ( "%(De!% &''$-.(/0G4G1F121F1678/
9:;M<mU>9VM<\M<<9>QmVYWX/9L:L;:<mMLZQRSP[\]̂;a
k'$q DEI Xq)$#)  $, "(D$2$D# (@J2$Dp'( (-
.(/#J#5G223l3K33l678/9:;9:<=>M9=m=:WX/QRSP[\]̂>LL:U9::
ZQRSP[\]̂a
*( p$'!1F3q)$) '$,$ ")$%! &''$
I%4G-.(/*IEJ331322lF33KlF3678/9:;9:LM>NOPQR>RS9:LLWX/
9m:=;:LmmZQRSP[\]̂;a
*( p$0'($1FG. ((D@$$$(&'(D($X ((I%G14/




%% &''$@W.W)$!!(! ")$'2$$2 2' (




















































































































r&)&  "#,(8 2)Z&4-&%Z'+,&\Z*)&-
(&%012cf̀_k_fge8y**68:y;<=2>?@>?CJAPI>EHGF?>HF?DJDFG

&4)- 89"#)'&**)&'/&Z%)ZN&
&%Z''N)&%-))'&3Y\789012
34,7sy5**559:5!8
;<=2>?@>?HCA|}ROPAPQ>IKKMN2>H?G@?G>KJVOPQRSFTU@W
s5
